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The supply of safe potable water and the proper treatment and disposal
of the resultant sewage are services that impact everyone. Consequently,
costs for construction, operation, and maintenance of the necessary
treatment facilities are borne by all who receive service, either directly or
indirectly. Construction costs usually are funded through government grants
and bonding. Competitive bidding and agency overviews tend to keep those
costs under control without limiting them unduly. However, costs of
operations and maintenance usually are the responsibility of the local owner
(ie. authority, municipality, etc.) and normally are funded through service
charges assessed to the consumers. Without a rigid system in place to
dictate operations and maintenance levels, the only forces acting on the
owners generally are those of the consumers, ie. a desire for the lowest
possible rate.
Webster states that maintenance is the upkeep of property and equipment
in a state of efficiency. Looked at in another way, maintenance is the act of
keeping property and equipment in the same condition it was yesterday. That

definition is the crux of the problem, as there is little evidence that the work
that has been accomplished justified the expenditures made. The rate of
deterioration is often times slow enough that deferral of maintance can be an
accepted course of action for many years. The incidence of breakdowns and
process interruptions gradually increases to the point that major overhaul or
replacement is necessary. The irony of the situation is that the manager of
the facility during the period of deferred maintenance is very highly thought
of because of his success in keeping current operating costs down. Higher
level management does not realize that, in actuality, he is consuming their
capital investment by deferring maintenance expenditures.
The function of management is to obtain the most return for the least
investment. Normally, the only costs included in the equation are those that
are experienced during the fiscal calendar. Deferred maintenance is not
included unless there has been a conscious effort to quantify its value.
However, the oil filter advertisement that said "you can pay me now or pay
me later" is very true. The deferred maintenance costs will be paid
eventually, and probably at a very high rate.
The purpose of this paper is to develop a series of labor hour standards

that can be applied to maintenace and repair actions on water and wastewater
treatment plant equipment. Through application of the appropriate
standards, a manager will be able to estimate the yearly cost of maintenance
(both preventative and corrective) for his facilities. The system developed
as part of this project will provide documentation that can be used to justify
budget requests, staffing, and quantify the impact that deferred maintenance
will have in future budgets. The standards also can be used to evaluate
employee efficiency and identify deficiencies in supervision and training that
otherwise would go unrecognized.

LITERATURE REVIEW
A review of the literature has revealed no published standards for the
maintenance and repair tasks that are developed later in this paper. There is
substantial evidence in the literature to indicate that maintenance and repair
has not been sufficient to maintain plants in many cases. The national desire
to have clean rivers, lakes, and streams has resulted in massive programs to
build treatment plants that are designed to remove contaminants from waste
streams prior to discharge into a receiving body of water. The Government
Accounting Office has reported that, as of December 1979, almost 18,000
plants, representing a federal government investment of 25 billion dollars
and several billion dollars more from State and local governments, were in
operation or under construction. 1 This huge investment in capital by Federal
and State governments in futherence of National policy has been turned over
to local municipalities and sewer authorities to maintain and operate. By
the late 1970's, it was becoming obvious that an increasing number of
treatment plants were failing to perform as expected. In a white paper on
operation and maintenance of water pollution control facilities, the Water
Pollution Control Federation (WPCF) found that emphasis in this area had

been greatly overlooked in the haste to get waste treatment systems in place
and on-line. They recommended that owners should require a realistic
updated cost of operations and maintenance from the design consultant both
at the time 50 percent of the construction is completed and prior to the last
budget cycle before the system is ready for operation.
*
In a comprehensive study by EPA of 103 facilities, a total of 70
potential problem areas (10 of which were maintenance) were weighed and
ranked for severity of impact on performance.4 While a maintenance factor
was the leading cause of poor performance in only one plant, it was a
contributing factor noted in at least twenty percent of the plants studied.
One of the recommendations made as a result of the study was that budgeting
for operation and maintenance of wastewater treatment facilities must
become organized and a higher priority in municipal budgets.
The AWWA Committee on Job Measurement Standards reported on the
methods and benefits of applying standards to water utilities operations in
1979. ° They gave no actual standards to use, but described methods to be
used for development of standards. The report did indicate that the benefits
to be gained by using standards included increased productivity, better
collection of cost data, and discovery of new work methods. Productivity

was improved because management was able to effect better coordination,
maintain continuous operations and obtain better utilization of the available
manpower. Better collection of cost data and discovery of new work
methods resulted from comparison of actual work to estimated work.
There is much evidence to support the theory that improved management
of maintenance can save money. As early as 1971, the City of Philadelphia
Water Department instituted a systemized approach to maintenance with
time standards and found an annual savings in excess of $318,000 after two
years. An outside consultant was hired to develop time standards that were
tailored to their plant. Both the Los Angeles County Flood Control District8
and Colorado Springs9 found that new maintenance management systems have
been instrumental in reducing maintenance budgets without reducing services
or output. The City of Wausau, Wisconsin found that, by hiring a professional
firm to operate the plant and schedule maintenance, it was able to reduce
down time and end a series of permit violations. 10 Industry also has found
that maintenance management is important. A metal processing facility 1 '
,
Monsanto and Chemplex chemical plants in England12
,
and Corning Glass
Works13 have all found that, by installing maintenance management systems,
costs and equipment down times are reduced.

There has been some concern that, with the improved maintenance
management systems being implemented, it is possible to go overboard and
expend funds performing unnecessary maintenance. It has been reported that
an increased level of maintenance should reduce the costs incurred due to
failure. '4 However, there is a point where a higher level of maintenance
does not result in a proportionate reduction in the costs due to failure and
total expenditures start to rise. Figure 1 graphically depicts the relative
relationship. The level of maintenance is based on the frequency of
maintenance. More frequent accomplishment of preventive maintenance
work, such as greasing and oil checks, is considered a higher level of
maintenance. As tasks are performed more frequently, the cost to
accomplish the maintenance rises, but the likelihood of failure of the
component will decrease. The costs due to failure decrease rapidly as the
level of maintenance is increased from zero to the manufacturers
recommended levels. Beyond that point it levels out. When both maintenance
costs and costs due to failure are added for a given level of maintenance, it
can be seen that there is a level of maintenance that will minimze costs.
Instrumentation equipment may be a type that is likely to be subject to over
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The goal of this project was to produce a set of labor hour and frequency
standards that can be applied to maintenance, repair, and replacement of
equipment and appurtenences used in water and wastewater treatment. As
indicated in the previous section, a diligent search of the literature revealed
no published reports that had accomplished such a task. A list of the tasks to
be considered was compiled, a system to number and store the information
was developed, and estimates of labor hours and frequency of occurrence were
made.
a. Development of a List of Tasks.
Water and wastewater treatment consists of a series of unit operations
designed to deliver an effluent with the desired qualities. The most logical
way to compile the data is on the basis of unit operations. Different plants
will have a different combination of unit operations and vessel sizes
depending on the influent characteristics and effluent qualities desired, but
the equipment necessary for each unit operation is basically the same.
A complete list of unit operations that are used in water and wastewater

treatment (Table 1) was compiled. Not all unit operations listed would be
encountered in any one plant, but the list is inclusive of unit operations that
have been and are being used to treat water and wastewater streams. Two
areas that were not included are incineration of sludge and final disposal of
sludge
,
ie. landfilling or spraying on agricultural lands. It was felt that those
areas are outside the basic scope of this study.
Each of the unit operations listed was reviewed in detail and any
equipment or appurtenance that might be necessary for that operation was
listed. For example, under the unit operation called sludge pumping, there
were five different types of pumps listed (plunger, centrifugal, rotary,
diaphragm, and grinder) because any of these pumps might be used for that
purpose. In any one plant handling sludge, there often would be only one type
of sludge pump installed, but that particular pump could be any of the five
listed types depending on the characteristics of the sludge, volume of flow,
head, and designer preferences. For the purposes of this study, each of the
pieces of equipment and various appurtenances were defined as a component.
Appendix A contains a list of the components considered in this study. One
may note that there are many components that were listed more than once in
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as motors, that are used in many different unit operations. They were listed
only once per unit operation, but were included in every unit operation in
which they are found. In this way, a complete list of components can be
assembled if the unit operations to be used are known.
Each component listed was analyzed to determine the types of tasks that
would have to be accomplished over the life of the component to keep it in
operating condition. Sources of information used included manufacturer's
maintenance instructions, existing treatment plant operations and
maintenance manuals, treatment plant mechanics (through interviews),
manuals of practice, and personal inspection of some of the equipment by the
author. Two water treatment plants and four sewage treatment plants were
visited by the author to conduct interviews with mechanics, review equipment
maintenance cards and conduct inspection of equipment. The tasks were
compiled into a list on the basis of unit operation. This list is presented in
Appendix B.
b. Numbering and Data Base System.
A seven digit numbering system was applied to the list giving each task
statement a unique number. The numbering system used was one specified by
12

the Army Civil Engineering Research Laboratory (CERL), the financial sponsor
for this project. The first four digits refer to the type of treatment plant, ie.
1616xxx is for water treatment plants and 1624xxx is for wastewater
treatment plants. The fifth digit refers to the unit operation. The numbers
one through nine were used for this, the sixth, and the seventh digits. The
number zero was not used to avoid confusion in submittals to CERL. Because
there were more than nine unit operations, after the number nine, letters were
used sequentially starting with "A" and going to "Z". Letters were allowed to
be used in any digit and were needed with most of them. The sixth digit refers
to the component and values were assigned sequentially as the components
were determined for the unit operation under study. Because of the number of
components, it was not possible to always list motors as "1" and centrifugal
pumps as "2", for example. The seventh digit refers to the task statement.
Readers should note that the there are what may appear to be missing task
statements in Appendix B. These appparent omissions were proposed tasks
that were deleted during the study for lack of applicability. This numbering
system is somewhat cumbersome to use and does not allow for grouping by
level of treatment, ie. primary, secondary, tertiary, etc., but was used because
it was mandated by the project sponsor.
13

There are more than six hundred task statements for the water and
wastewater treatment plants. It would be very time consuming and tedious to
keep track of all the information required without the use of a computerized
data base. For this project, a relational data base called D-Base HI by
Ashton-Tate, Inc. was used. A routine developed by the Architectural
Engineering Department of the Pennsylvania State University for the CERL
project on plumbing and electrical systems was modified for use in this
project. The routine develops reports in the format that CERL requires, but is
flexible enough to allow output in a variety of formats. The computer used
was an IBM-PC/XT with a 10 megabyte hard disk. Appendix C lists the
directions for use of the system including input and output of data.
c. Frequency and Labor Hour Estimates .
For each task statement, the ultimate goal is to have an estimate for the
labor hours, equipment, and materials necessary to accomplish the task and
frequency of occurence of the task. The only data the author found readily
available for the tasks on water and wastewater treatment equipment were
that for frequency of preventive maintenance. There are no published data on
14

estimated labor hours, equipment, or materials for any of the tasks and there
are no industry accepted standards on the life expectancy of equipment.
Letters were sent to firms that provide automated maintenance systems; a
sample letter is included in Appendix D, but no firm was able to list a
reference that had been using its system long enough so that they considered
their data to be of any value for use in this project. Most firms responded
that their systems were new and had not been put in place yet.
Labor hours were selected as the first parameter to study in detail.
Rather than trying to determine every unknown for every task statement, if all
labor hours were estimated at once there would be more consistency and
efficiency in providing this information. Labor hours for each task were
estimated using several sources for guidance, a list of which is provided in
Appendix E. The reference number for each source listed in Appendix E is the
labor reference noted in the task statement record in the computer data base.
Most of the estimates were developed using one or more of the Engineered
Performance Standards (EPS) manuals written by the Department of Defense.
See Appendix E for a list of the specific manuals used. These manuals were
designed to aid in estimating labor hours for maintenance and repair of DOD's
real property (buildings and grounds). There were very few tasks that were
15

directly listed. Estimates were developed by using the estimated times for
similar actions. The EPS manuals list a task and time and then break the time
estimate into the several steps (each individually estimated) necessary to
complete the task, see Figure 2 for an example. In many cases, all steps in the
EPS task were not needed for the task statement being estimated, but the
author was able to apply some of the steps to a water and wastewater task
statement to develop an estimate. There is a memo field in every record in the
data base that details and references how the estimated labor hours,
frequency, equipment, or materials were determined. After all the information
possible was gleaned from the EPS manuals, other sources were used to
estimate labor hours. The author was not able to estimate labor hours for
every task listed because the information necessary to accomplish this effort
was not available. Frequencies for some of the task statements were
estimated and documented in the same manner that the labor hours were done.
However, due to lack of time, only approximately 10 percent of the task
statements had frequencies estimated and no material or equipment estimates











































REMOVE AND INSTALL MOTOR FROM CENTRIFUGAL SUMP
PUMP. REMOVE AND INSTALL PUMP SHAFT PACKING,
SHAFT EEARING, SHAFT OR IMPELLER IN SHOP. MOVING
PUMP TO SHOP NOT INCLUDED.
WORK UNIT DESCRIPTION
REMOVE * SCREWS FROM SWITCH COVER PLATE.
REMOVE SWITCH COVER PLATE. .
DISCONNECT WIRES AT 3 TERMINALS.
REMOVE 2 SWITCH BRACKET SCREWS.
REMOVE SWITCH ASSEMBLY.
REMOVE FLOAT ROD SPRING RETAINER PIN.
UNSCREW MOTOR FROM PUMP TUBE.
INSERT FLOAT ROD THROUGH MOTOR END BELL CU10E MOLE
AND FLOAT ROD SPRING.
INSTALL SPRING RETAINERS OVER FLOAT ROO ENO.
ENGAGE SPRING COUPLING WITH SLOT IN MOTOR SHAFT.
SCREW MOTOR ON TO PUMP TUBE.
INSTALL FLOAT ROD RETAINER PIN.
INSTALL SWITCH ASSEMBLY.
INSTALL 2 SWITCH BRACKET SCREWS.
CONNECT WIRES AT 3 TERMINALS.
INSTALL SWITCH COVER PLATE.
INSTALL 4 COVER PLATE SCREWS.
/ REMOVE IMPELLER SHAFT DRIVE PIN.
1/ LOOSEN IMPELLER SHAFT COUPLING ADAPTER COLLAR
SET
SCREW.
• REMOVE IMPELLER SHAFT COUPLING ADAPTER COLLAR.
REMOVE * SCREWS ON PUMP BASE TO PUMP HOUSING.
REMOVE PUMP BASE.
REMOVE * PUMP HOUSING PLiTE SCREWS.
REMOVE PUMP HOUSING PLATE.
REMOVE IMPELLER SHAFT ANO IMPELLER, SHAFT
ADAPTER
AND IMPELLER SHAFT BELL BEARING.
REMOVE PUMP BEARING.
REMOVE PUMP BElfilUG PACKING GLANO RETAINER.
REMOVE PUMP BEARING PACKING GLAND.
REMOVE PUMP BEARING PACKING, SPRING AND
WASHER.
ASSEMBLE PUMP SEARING PACKING GLAND WITH NEW
PACKING (* RINGS), SPRING AND WASHER.
INSTALL PUMP EEARING PACKING GLAND AND RETAINER
INTO BEARING.
INSTALL PUMP BEARING INTO PUMP TUBE.
REMOVE IMPELLER PIN.
REMOVE IMPELLER FROM SHAFT.
ASSEMBLE IMPELLER, IMPELLER SHAFT ANO IMPELLER
PIN.
INSTALL IMPELLER SHAFT INTO PUMP TUBE.
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The task statement outline. Appendix B, is not all inclusive. For some
of the components (ie. pumps), the tasks listed are comprehensive and
include almost all actions that would be necessary during the life of a
component. However, for other components (ie. some of the sludge handling
equipment) there is very little information available and many components
have become prematurely obsolete due to changes in operating factors such
as energy costs. There are some components where the only tasks listed are
preventive maintenance, repairs, and replacement as no more detailed task
statements could be determined. The list of tasks provided is as
comprehensive as possible based on the information that is currently
available.
Veteran mechanics or electricians may feel that the labor hour
estimates do not provide enough time to perform the task. The estimates
may seem low because they are average craft times and do not include time
to get to the job site, go for parts or materials, and trouble shoot. Actual
times to perform the tasks can vary dramatically depending on the conditions
the craftsman is confronted with. As an example, a bearing may be removed
quickly if it is just starting to go bad, but it may have to be torched out if it
19

has seized to the shaft. Obviously, the necessary time to perform the task
will be quite different in each case, but neither will be the same as the
standard. The advantage of having standards is that they will provide an
indication that further investigation is necessary. In some cases, the
individuals may not be performing tasks as quickly as they should and more
supervision or training may be necessary. In other cases, it may be a
maintenance system that allows bearings to freeze to shafts that needs
improvement. By using a system of standards, a good manager should be able
to easily identify problems and thereby correct them sooner.
The EPS manuals that were used to determine labor hours for most of
the task statements provide labor hour estimates with too many significant
figures. Most tasks should be estimated to the nearest minute or five
minutes and not to the nearest 0.36 second as is done in the manuals. The
data input to the computer have been rounded off to the nearest 0.001 hour,
but it is recognized that in actual practice standards probably will be
written to the nearest 0.1 hour.
The frequencies that have been determined are average times for the
particular task statement. Frequencies are very difficult to estimate
because there are so many factors that have an effect on the values. The
20

major factor influencing frequencies is the presence or lack of standby units.
If there are standby units and the "on" unit is rotated periodically, then
repair and replacement frequencies will be much different from normal.
Other major influences on frequency of task accomplishment are exposure to
weather, quality of craftmen, quality of preventive maintenance, and
suitability of the equipment for the application. The computer data base
used has a provision for developing high and low factors that can be applied
to the average frequency values, but this adjustment was not accomplished
during this project because it would require a fairly substantial data sample
to have meaningful results. There was very little information of this nature




The purpose of this work was to develop a list of task statements that
could be used by water and wastewater treatment plant managers to assist in
setting maintenance budgets and determining staffing. A list of task
statements has been presented and estimated labor hours and frequencies
provided for many of the task statements. There is a serious need for an
industry accepted set of standards for labor hours and frequencies. The
numbers developed herein are a start, but much more work is necessary
before they will be accepted as fact. The main impediment to this happening
is not a lack of need, as most every computerized system requires that type
of information in order to implement an effective maintenance system. What
is needed, is a coordinated effort by one of the professional organizations in
the field. It is recommended that a project similar to the Operations and
Maintenance White Paper produced by the WPCF be conducted.17 The
methodolgy and results presented herein can be used to expand the data base
and, ultimately, accomplish the goal initially established. It is anticipated
that more information will be available within the next two to five years
because there are many automated maintenance management systems
22





The Environmental Engineering profession must improve its public
image. Much has been said in the technical literature and common press
about how poorly treatment plants perform. The public is exposed to this
poor record of performance almost daily and it is a black mark on our
profession. This paper is an attempt to cause engineers to recognize that
operations and maintenance play an important role in the performance of a
treatment plant and that much work must be done to improve the management
of operations and maintenance. It is the responsibility of all involved in the
profession to take that extra step necessary to ensure that treatment plants
perform as designed. It is very important that the public believe in the
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Instructions for Data Base Access
Sample Letter





























1616420 Sludge Collector Mechanism
1616430 Sludge Collector Drive
1616440 Sludge Collector Drive Motor




1616540 Rate Control Valve
1616550 Backwash Pumps






1616600 Chlorination and Flouridation
1616610 Chlorine Injectors
1616620 Chlorinator
1616630 Pressure Reducing Valve
1616640 Automatic Controls




1616730 Adjustable Speed Drive
1616740 Centrifugal Pump
1616800 Chemical Feed System
1616810 Storage Bin and Cyclone
1616820 Vibrator







1624000 SEWAGE TREATMENT PLANT






















1624420 Sludge Collector Mechanism
1624430 Sludge Collector Drive
1624440 Scum Collector
1624450 Sludge Collector Drive Motor
1624600 Aeration Tank - Diffused Aeration
1624610 Basin
1624620 Air Distribution System
1624630 Air Blower
1624640 Blower Motor
1624650 Air Filter System






1624820 Sludge Collector Mechanism


















1624A30 Adjustable Speed Drive
1624A40 Plunger Pump
1624A50 Centrifugal Pump
1624A60 Rotary Positive Displacement Pump
1624A70 Diaphragm Pump
1624A80 Grinder Pump
1624B00 Aerobic Sludge Digestion
1624B10 Basin


















































1624130 Automatic Valve Operator and Valve
1624140 Surface Wash System
1624150 Underdrain System
























1624L70 Vacuum Control Valve







































1616113 replace seals and packing
1616114 replace v-belts


















1616211 dewater and clean
1616212 repair leaks
1616213 repair orifice plate
1616214 replace orifice plate
1616220 Mixing Tank
1616221 dewater, clean and repair







1616232 repair mixing blades
1616233 replace mixing blades












1616326 repair variable speed drive










1616411 dewater, clean, repair cracks & spalling
1616412 repair baffles
1616413 replace baffles





1616420 Sludge Collector Mechanism
1616421 lubricate chain, bearings
1616422 replace worn or broken flights
1616423 replace worn or broken chain link
1616424 replace bearings
1616425 overhaul
1616430 Sludge Collector Drive
1616431 replace oil
1616432 replace shear pin
1616433 paint
1616434 replace oil seals
1616435 overhaul
1616436 lubricate
1616440 Sludge Collector Drive Motor
1616441 lubricate bearings
1616442 replace/rewind motor
1616500 Filtration. Ion Exchange. Activated Carbon
1616510 Concrete Basin
1616511 dewater, clean and patch
1616512 dewater and clean
1616520 Steel Tank











1616540 Rate Control Valve












1616557 replace seals and packing
1616558 overhaul




















1616621 clean, inspect and calibrate
1616622 replace flexible tubing
1616623 repair leaks
1616624 replace
1616630 Pressure Reducing Valve




1616641 clean and calibrate
1616642 replace
1616650 Injector Booster Pump
1616651 lubricate










1616716 clean and paint
1616720 Pump Motor
1616721 lubricate














1616742 replace seals and packing
1616743 replace coupling
1616744 replace v-belts




1616800 Chemical Feed System
1616810 Storage Bin and Cyclone






1616823 repair vibrating plate
1616824 replace plate
























1616863 adjust and align belt
1616864 repair conveyor belt







1616881 clean and paint











1624000 SEWAGE TREATMENT PLANT











1624121 lubricate pilot valve and linkage
1624122 clean compressor air strainer
1624123 PM air compressor
1624124 overhaul air compressor







1624135 replace check valve
1624136 PM on check valve
1624140 Sewage Pump Motor
1624141 lubricate bearings
1624142 replace/rewind















1624225 replace oil seals
1624226 clean and paint housing
1624230 Cutting Bars and Screen
1624231 inspect and adjust cutters
1624232 sharpen cutting bars
1624233 replace worn cutting bars
1624234 unclog jammed mechanism
1624240 Channel
1624241 clean, repair cracks & spalling
1624242 replace corroded gates
1624243 clean and flush channel
1624300 Screening.
1624310 Bars
1624311 repair broken/corroded bar
1624312 replace bars
1624320 Rake Mechanism
1624321 lubricate bearings and chain
1624322 replace bearings
1624323 replace worn/broken chain links
1624324 replace worn/broken rake tines
1624325 repair worn/broken screen
1624326 overhaul
1624330 Rake Mechanism Motor










1624342 replace corroded gates
1624343 clean and flush channel
1624400 Primary Settling
1624410 Basin
1624411 dewater, clean, repair cracks & spalling
1624412 dewater and clean
1624420 Sludge Collector Mechanism
1624421 lubricate chain, bearings
1624422 replace worn or broken flights
1624423 replace worn or broken chain link
1624424 replace bearings
1624425 replace worn/broken chain and sprockets
1624426 overhaul




1624434 replace oil seals
1624435 replace shear pin
1624436 overhaul
1624440 Scum Collector
1624441 replace worn or broken flights
1624442 replace corroded hopper
1624443 unplug hopper
1624444 replace
1624450 Sludge Collector Drive Motor
1624451 lubricate bearings
1624452 replace/rewind motor
1624600 Aeration Tank - Diffused Aeration
1624610 Basin
1624611 dewater, clean, repair cracks & spalling
1624612 dewater and clean





1624621 remove from tank, inspect and clean
1624622 repair leaks
1624630 Air Blower









1624650 Air Filter System
1624651 clean/replace air filter elements










1624731 dewater, clean, repair cracks & spalling
1624732 dewater and clean
1624800 Secondary Clarifier
1624810 Basin
1624811 dewater, clean, repair cracks & spalling
1624812 dewater and clean
1624820 Sludge Collector Mechanism
1624821 lubricate chain, bearings





1624823 replace worn or broken chain link
1624824 replace bearings
1624825 replace worn/broken chain and sprockets
1624826 overhaul




1624834 replace oil seals
1624835 replace shear pin
1624836 overhaul
1624840 Scum Collector
1624841 replace worn or broken flights
1624842 replace corroded hopper
1624843 unplug hopper
1624844 replace





1624911 dewater, clean and repair
1624912 dewater and clean
1624920 Chlorine Injectors





1624931 clean, inspect and calibrate







1624940 Pressure Reducing Valve


















1624A16 clean and paint
1624A20 Pump Motor
1624A21 lubricate
1624A22 clean, adjust, and calibrate controls
1624A23 replace controls
1624A24 replace/rewind motor













1624A44 replace check valve





1624A52 replace seals and packing
1624A53 replace coupling
1624A54 replace v-belts




1624A60 Rotary Positive Displacement Pump
1624A61 lubricate








1624A72 disassemble and clean check valve
1624A73 replace check valve
1624A74 replace diaphragm
1624A75 replace compressor air filters
1624A76 repair air compressor
1624A77 overhaul air compressor
1624A78 overhaul pump









1624A84 replace seals and packing
1624A85 replace bearings
1624A86 overhaul pump
1624B00 AeroDic Sludge Digestion
1624B10 Basin
1624B11 dewater, clean and repair
1624B12 dewater and clean
1624B20 Air Distribution System
































1624C22 replace lubricant and adjust guy rods
1624C23 flush nozzles and laterals
1624C24 replace nozzles




















1624D43 replace chain and sprockets

















1624E11 repair basin walls
1624E12 dewater and remove solids
1624E20 Concrete Basin
1624E21 repair basin walls
1624E22 dewater and remove solids
1624E30 Diffused Air Distribution System
1624E31 remove from tank, inspect and clean
1624E32 repair leaks
1624E40 Air Compressor






























1624F25 replace protective coating on piping and valves
1624F26 overhaul
1624F30 Counter




1624G11 clean and level
1624G12 replace
1624G20 Float and Cable


















1624H11 disassemble and flush
I624H12 replace
1624H20 Sampler






1624113 replace packing and seals
1624114 replace coupling
1624115 replace v-belts











1624140 Surface Wash System
1624141 unclog orifices
1624142 replace orifices
























1624K11 empty and clean
1624K12 repair walls
1624K20 Tank Cover-Fixed
1624K21 clean and inspect
1624K22 repair and patch
1624K30 Tank Cover-Floating
1624K31 clean and inspect
1624K32 repair and patch













1624K47 cl2an and calibrate temperature controls
1624K49 replace temperature control
1624K4A perform hydrostatic test and certification
1624K50 Pressure and Vacuum Relief Valves
1624K51 clean and check operation
1624K52 replace
1624K60 Flame Arrestor
1624K61 clean and inspect
1624K62 replace
1624K70 Instrumentation





























































1624L70 Vacuum Control Valve
1624L71 disassemble.clean and adjust
1624L72 repair
1624L73 replace
1624L80 Sludge Cake Conveyor
1624L81 lubricate
1624L82 replace bearings
1624L83 adjust and align belt
1624L84 repair conveyor belt










































































1624P13 lubricate drum bearings
1624P14 replace drum bearings



















INSTRUCTIONS FOR DRTR BASE RCCESS

COMPUTER INSTRUCTIONS
INSTRUCTIONS FOR DATA BASE ACCESS
It is necessary for a potential user of the data base program used here to
be thoroughly familiar with the operating system of the computer and be able
to load and access D-Base III. Those instructions are beyond the scope of
this paper and are better learned from the manuals that accompany the
programs.
1. Load D-Base 111. From the dot prompt (.) type "DO RN-MAJN". A screen
will appear that asks for today's date (Figure C-l). Type in the date
using the format month/day/year and hit the return key.
2. The next screen (Figure C-2) will give you four choices for functions to
perform and ask you to hit the appropriate number key. If you hit a key
that is not a choice, the screen will reappear. A "0" will bring you back
to the D-Base dot prompt.
3. If you want to add records, then you hit the "\" key. This action will
cause the next screen to appear (Figure C-3). This screen gives you the
option of adding records to the area file (1), the system file (2), the
subsystem file (3), the task data file (4), or return to the main menu (0)
by hitting the appropriate number key. The first three files were created
for use by CERL and probably are not of interest. To add input to the task
data file, hit the number "A" and the return key.
a. The next screen (Figure C-4) will ask you if you want to input data
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(D), edit (E), or quit (Q). If you hit an "E", the program will put you into
the edit mode (see that paragraph Tor details). If you hit the "Q", the
program will bring you back to the previous screen. If you hit the "D",
then it will continue in the add mode. Any other key will give you the
screen back again.
b. Once you hit the "D" key, the program will ask you for the task code
number (Figure C-5). Type in the seven digit number for the task code.
The computer will use the first six digits to identify the component and
ask you if it is correct (Figure C-6). If you type a "T" for yes it will
proceed to the next menu (Figure C-7). If you type an T" for no, it will
go back to the previous menu.
c. If the computer does not find the component in the component file, it
will generate a new screen (Figure C-8) that will ask you if you want to
add ("A") to the component file, try ("T") another number or quit ("Q") to
the main menu. Try will let you try another number and quit will bring
you back to the main menu. Add will generate a new screen (Figure C-9)
that asks you for the name of the component. When you type it in and hit
the return key, the computer will go on with the next screen in the add
mode (Figure C-7).
d. The screen shown in Figure C-7 asks you to input data to the task
description code field, description of task field and unit of measure
field. The task description code field is a code used to identify the task
as preventive maintenance (Prl), repairs (M/R), or replacement (REPLACE)
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action. The appropriate code should be entered. The description of task
entry is self explanatory. The unit of measure field is limited to the
following entries: one each (1-CT), per linear foot (1-LF), per square
foot (1-SF), and per 1000 linear feet (3-LF).
e. After this information is entered, the next screen appears (Figure
C-10). This screen repeats the task description entered previously and
has a memo field. The memo field is represented by the word "memo"
and is used to document how the estimates were arrived at. To enter the
memo field, put the cursor over the word "memo" and hit the
control-page down keys in combination. This action will bring up a blank
page on which information can be entered, similar to that used in a word
processor. When you are finished with the memo field, hit the
combination of control - page up keys. Next, hit the page down key to
generate the final screen in the add mode (Figure C-11).
f. Entry of information into this screen is self explanatory. It should be
noted that much of the information only is entered for the purposes of
the CERL project and can be omitted if not necessary for your purposes.
Upon completion of this screen, the program will give you the chance to
add another record or go back to the main menu.
4. The edit mode allows you to review and revise each record to correct
errors and update information. It uses many of the same screens as the
add mode, only there is information already entered in each of the fields.
For example, in the task data information file edit will call up the
screens shown in Figures C-7, C-10, and C-11. To edit a file, start from
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the main menu (Figure C-2) and hit the "2" key. The screen that will be
generated (Figure C-12) will ask you which file you wish to use: the
system, sub-system, component, or task data information files.
Whichever of the files you decide to enter, the next screen will ask you
to enter the appropriate number of the record you want. For example, for
the task data information file the program needs the seven digit task
code number and for the component file the program needs the six digit
component number. Refer to Appendices A and B if you do not have the
appropriate number.
To revise information in a record, position the cursor over the incorrect
information and type over it. The new information is not saved to the
disk until the next screen is generated. Until that point you can revise as
often as you wish without actually changing the record. But once you go
to the next screen, it is necessary to leave -the record and re-enter it if
you decide the revision was incorrect.
5. Reports can be generated by returning to the main menu (Figure C-2) and
hitting the "3" key. This action will call up a menu screen (Figure C-13)
for the two types of reports available: basic task information table or a
task data form. The format for both of the reports was dictated by CERL
for its purposes and requires a 15 inch wide platen printer. It is possible
that a program such as "Sidewinder" .that turns a printed page sideways,
could be used since the document produced while 14 inches wide is only
8.5 inches long. Use of such a program was not investigated.
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a. The basic task information table provides columns of a few fields
from the task data file for all task codes called. It can be obtained by
hitting the "1" key of the screen shown in Figure C-13 which in turn will
generate a new screen (Figure C-14). In this screen, the procram asks
you to select which report you want. Note that flooring is one of the
other sections of the CERL project and selection of that choice will not
generate any report as that particular file is empty. A sample of the
basic information table is shown in Figure C-15.
b. The task data form provides an individual sheet for each task code
number. The form is designed to provide the reader with all the pertinent
information about any task statement. A sample is provided as Figure
C-16. There will be one or two more screens after that shown in Figure
C-13 that give you the opportunity to tailor the content of the report
depending on your needs. You can get a report with sheets for only one
task record, one with all, or one with a portion of the file.
6. File maintenance is an important function that is provided from the main
menu. It allows you to back up your files onto floppy disks which can be
put in a safe place. If anything were to happen to the hard disk in the
computer, your backup copies could be used to replace those files lost.
Backup has been done weekly for the CERL project.
a. Select the file maintenance mode by hitting the "4" key in the main
menu. This action will generate a new screen (Figure C-17) which asks
you if you wish to make backup copies of your files or re-index data
C-5

files. The re-index selection does not work and should not be selected.
Re-indexing can be done directly from the dot prompt in D-Base.
b. Selection of the backup files option will generate a new screen
(Figure C-18) that asks you which file you wish to backup. Note that the
task data file has been divided in half because it will not all fit on one
floppy disk. Follow the directions to obtain your backup floppy disk. It
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The Pennsylvania State University
212 SACKETT BUILDING
UNIVERSITY PARK. PENNSYLVANIA 16802
College of Engineering





1140 Ave of the Americas
New York, NY 10035
Dear Mr. Olt:
Civil Engineering personnel at The Pennsylvania State University are
performing a study of water and sewage treatment plants to develop factors to
be used in determining annual maintenance and repair costs over the life of a
facility. In order to accomplish this task, it is necessary to compile
industry accepted standards for maintenance, repair and replacement costs
attributable to facilities and equipment normally found in water and sewage
treatment plants. It is intended that task statements will be developed for
each of the maintenance/repair actions required. Data on the frequency of
occurrence and time necessary for completion of a task will be gathered.
These data will be used to generate predicted maintenance and repair costs for
treatment plants of various sizes.
A second aspect of this study is to review the various management systems used
to coordinate maintenance and repair activities. The revolutionary hardware
advances recently made in the microcomputer industry have created a strong
market for off-the-shelf software packages that can be used to manage the
limited resources available for maintenance of facilities. Products and
services such as yours are rapidly becoming available and once in place are an
indispensable tool for plant managers.
Your firm is being contacted to obtain information on the products and
services that you offer and a list of plants that are using any of these
products. The principal researcher for this study is Mr. Roland Moreau, an
Environmental Engineering graduate student in the Department of Civil
Engineering. He can be reached by writing to the above address or by calling
814/865-1226 during afternoon hours. If you have any information that could
be of value to him or would like any of your products or services included in
the study, please do not hesitate to contact him. All sources of information
will be kept confidential if requested.
Your assistance in this matter is greatly appreciated.
Sincerely,
David A. Long, P.E.
Professor of Civil Engineering
DAL/esh
AN EQUAl OPPORTUNITY UNIVERSITY

Rppendix E
LIST OF ESTIMATING REFERENCES

m p p £3 n d I X b
List of Estimating Rt5ference5
I .. Model Task Listing -from the Yonkers Joint Treatment Plant,,
Vonksrs, New York dated IB April :!.9£i5.
2„ Model "ask Listing from the New Rochelle Treatment Plant,,
New Rochelle, New York dated IS April 1985,,
3« Lite Cycle Cost Data, by Alphonse J „ Del 1 : ' Isol a' and Stephen
J „ K irk; McSraw H i 1 1 Boo k Company ., 1 983.
c..r :: r Ot HdChJ. he anOPj ndC-nine hepcAlf S HanuDOOhj Hi fiiy i b
4 2 - 1 2 d ated A p r i i 1 983
.
5„ Operations and Maintenance Manual for Sigsbee Park Sewage
Treatment Plant,, prepared by Briley, Wild & Associates,
1 n c ., d a t e d IJe c emb e r 1 9S 3 .
6. Operations and Maintenance Manual for Boca Chica Sewage
Treatment Plant, prepared by Br i ley. Wild & Associates,
Inc. dated December 1983.
7 „ ET'B -for Prevent i ve/Recurring Maintenance Handbook:; Army IB
420-34 dated March 1984,
S. E.PS tor Lmer gene y / ber vi ce Handbook; Army IB 42U—3U dated
March 1984.
9 „ EPS f or P i p e f i 1 1 i n g , P 1 umb i n g Han dboo k ;; Ar m y TB 42 ~~ 2
dated August 1983,,




E F'S f o r U n i t F' r ice S t a n d ar d s Han dboo k ; A r my TB 42 - 33
dated August 1983.
12. EPS for Sheet Metal., Structural Iron & Welding Handbook;
Army TB 420 24 dated April 1979.
20. Interview of Plant Personnel at Bolten Point Water Treatment
f
::
' 1 a n t , Ithaca, Ne w Yo r k .
21. Interview of Plant Personnel of Onondaga County Metropolitan
Water Board Water Treatment Plant, Oswego,, New York.,
22. Interview of Plant Personnel of Pennsylvania State Univer-
sity Wastewater T real: me n t P I a n t . Un i ve r s i ty Par k , Pen n s y I -





i.I nte r view of Plant Pe r son n el o -f U n iversitv Rrea J a i r
Authority Wastewater Treatment Plant, State College,
P e n n s y I van i a •
Interview of ' 1 a n t Pe r s on n e 1 L e n t r e Au t h o r i t
Wastewater Treatment Plant, Milesburg, Pennsylvania.
Interview o-f Plant Personnel of Tyrone Regional Wastewater
ani a.
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